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Abstract: The main aim of this project is to design and simulate a 
Predictive Current Control of an Induction Machine fed by a two-
level Voltage Source Inverter using MATLAB/Simulink. A 
predictive current technique is used where a voltage vector with 
different switching states is used and the value which provides a 
reduced quality function is selected.  The current error in the next 
sampling time is found out by quality function used. The response 
of the above-mentioned control technique is verified through 
simulations using Simulink. 
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I. NOMENCLATURE 
IM – induction motor,  
FOC – field oriented control,  
PWM – pulse width modulation, 
PCC – predictive current controller,  
EMF – electromagnetic force (back EMF)  
 – stationary frame of references, 
dq – rotating frame of references,  
p.u. – per unit system com – superscript denotes commanded 
value,  
pred – superscript denotes predicted value, 
 ^ - denotes value calculated in the observer,  
e – motor EMF,  
si , ri – stator and rotor current vector,  
J - inertia,  
k, k-1 – instants of calculation: actual, previous, etc
, ,r m sL L L – motor inductances,  
,r sR R – motor resistances,  
impT - inverter switching period,  
LT - load torque,  
su – stator voltage vector, 
e – angle position of the motor EMF vector, 
s – angle position of the rotor flux vector,  
r – rotor mechanical speed,  
2 – motor slip, 
r – rotor flux vector speed  
,r s  - rotor and stator flux vectors. 
II. INTRODUCTION 
In the recent years, electrical drives industry mostly 
depends on drives with fewer sensors or sensorless because of 
the various advantages provided by such drives [1-3]. Few of 
the advantages are reduced hardware complexity, increased 
reliability, cost, machine size, elimination of sensors cables, 
better noise immunity, and fewer maintenance requirements. 
Also, these days an important goal for the producers and users 
of electrical drive systems is to maximize the efficiency of 
motor and drive systems so that the use of fossil fuels and 
greenhouse gas emissions are reduced [4, 5].  
 
Lately, Model predictive control (MPC), has become 
an extensive control strategy in the field of electric drives and 
power electronics. MPC is a direct control strategy similar to 
direct torque control, and has many additional merits: direct 
intuition of design and implementation, simple structure, being 
easy to handle multi-variable systems and include 
nonlinearities and constraints. When compared with field 
orientation control (FOC), because of the elimination of inner 
current PI controllers, it has theoretically infinite bandwidth for 
current control [6]. 
 
The closed loop system contains a predictive current 
controller. Predictive current control (PCC) is a division of 
MPC and is a comparatively new method for the control of 
electrical drives. In PCC system, the inner current PI controller 
is replaced by a predictive current controller. When compared 
with predictive torque control (PTC), PCC requires less 
calculation effort and smaller stator current THD [7-10]. 
 
This paper is structured as follows: in section III, 
Induction motor formulation is shown. In section IV, the 
mathematic models of IM and voltage source inverter are 
introduced. In section V, the conventional and proposed 
Predictive Current Controller with estimation, prediction and 
cost function design are derived and explained in details. 
Section VI gives the considerations for implementation and 
analyses simulation results. Finally, the work is concluded in 
Section VII. 
 
III. INDUCTION MOTOR FORMULATION 
A set of well-known equations in their complex form is used 
for Induction Machine in stator reference frame is as follows: 
. /s s s sv i R d dt                                                   (1) 
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0 . / .r s s ri R d dt j                                                (2)  
s s s r mi L i L                                                                      (3) 
r s m r ri L i L                                                                     (4) 
 3 / 2.( *Re{ * ) 3 / 2.( *Re{ * )s s r rT p i p i        (5) 
* /m lJ d dt T T                                                            (6)                                                                                
 
IV. MATHEMATIC MODEL OF INVERTER 
 
A two-level three-phase voltage source inverter is 
used in this project. The topology of the inverter and its feasible 
voltage vectors are presented in Fig. 1(a) and 1(b) respectively 
[11]. The switching state S of the machine can be expressed by 
the following vector: 
22 / 3( )a b cS S aS a S                                                  (7) 
Where, 2 /3ja e   , iS  means iS  is on, iS =0 means is 
off, and i a,b,c . The voltage vector v is related to the 
switching state S by: 
dcv V S                                                                               (8) 
Where dcV is the dc link voltage  
     
Fig 1(a): Two level Voltage Source Inverter 
 
 
 
Fig 1(b): Voltage Vectors of Inverter 
 
V. PREDICTIVE CURRENT CONTROLLER 
 
The stator currents are predicted for all possible voltage 
vectors and are evaluated in a cost function. The voltage vector 
that minimizes the cost function will be carefully chosen as the 
reference input for PWM and generate the switching signals for 
the inverter in the next sampling cycle. 
From the Induction Motor model described in section IV, the 
stator current can be defined as follows:  
1/ (( * / *(1/ * )* )s s r r r si R L di dt k j v          
                                                                                          
(9)   
where, /r m rk L L  ,
2
s r rR R R k   , and sL L    
To predict the next step value, the forward Euler 
discretization is applied: 
/ ( 1) ( ) / sdx dt x k x k T                                             (10) 
 
Using (10) for (3) and (4), the stator current at the next step 
can be derived as: 
( 1) ( / ) ( ) / ( )* ( )s s s s s si k T i k T r T v k            
[(( / ( ))*(1 * * ( ) / )* ( )]s r r s r rT k r T j k k r k      
                  (11)  
Where, sr L  and /r R     
Using (10) for (1) and (3) we get: 
 ( ) ( 1) ( ) ( )s s s s s s sk k T v k R T i k                          (12)  
                              
By using (3) and (4), current ri can be eliminated by writing the 
equations in terms of  ri , estimated value of the rotor flux is 
obtained. 
 / * ( / )r r m s s m r s mL L i L L L L                              (13)              
   
The current references i.e( *di and 
*
qi )  is essential 
for the PCC controller. These can be obtained by deriving rotor 
reference flux and torque reference respectively. Torque 
reference is generated by a speed PI controller, and the 
reference of rotor flux magnitude is considered as a constant 
value. The corresponding reference values for the field- and 
torque-producing currents in the rotor flux reference frame, that 
is *di and 
*
qi  are obtained by: 
* *| | /d r mi L                                                                   (14)  
* * *(2* * ) / (3* * | | )q r m ri L T L                            (15)  
These current values are later transferred into the stator
frame before given to the PCC controller. 
The conventional FCS-PCC’s cost function, which directly 
chooses the switching states of the inverter, is presented as 
follows: 
* *| ( 1) | | ( 1) |g i i K i i K                                   (16)  
 
VI. SIMULATION 
The suggested PCC method has been simulated on 
Simulink with squirrel cage induction motor based on the 
simulation configuration parameters provided in reference [12]. 
3 
 
These parameters are given in Table I and Table II, respectively, 
and the general block diagram, actual Simulink block diagram, 
and PCC MATLAB implemented codes are shown in Fig. 4, 
Fig. 2, and Fig. 3, respectively. In the simulation, reference 
speed starts from 0 rad/s, increases with a ramp and reaches 
1500 RPM at t=1 sec, stays at 1500 RPM for 5 seconds, 
decreases with a ramp and reaches 0 at t=7 sec. The load torque 
changes with a step from 0 Nm to 3 Nm at t=2 sec and steps 
down to 1 and to 0 Nm at t=3 sec and t=5 sec, respectively. 
 
 
 
 
 
Fi
g.
 2
 
4 
 
 
Fig. 3 
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Fig. 4 
 
 
TABLE I. PARAMETERS OF THE INDUCTION 
MACHINE 
 
Parameter Value Description 
Rs 1.2 Ω Stator resistance 
Rr 1 Ω Rotor resistance 
Lm 170 mH Magnetizing 
inductance 
Ls 175 mH Stator inductance 
Lr 175 mH Rotor inductance 
J 0.062 kgm2 Moment of inertia 
P 1 Number of pair poles 
 0.71 Wb Nominal stator flux 
 20 Nm Nominal torque 
Vdc 520 V DC link voltage 
 
 
TABLE II. SIMULATION CONFIGURATION 
PARAMETERS 
 
Parameter Value 
Start time 0.0 [s] 
Stop time 7.0 [s] 
Solver type Fixed-step 
Solver Ode5 (Dormand-Prince) 
Fixed-step size 10-6 [s] 
Sampling time of PCC 10-8 [s] 
Sampling time of the PI controller 0.002 [s] 
 
 
 
 
 
 
 
VII. SIMULATION RESULT 
 
Figure 4 and Figure 5 show the simulation result of 
speed, electromagnetic torque, and currents of the motor.  In 
Figure 1, motor speed follows the references speed quickly and 
precisely. In Figure 2, electromagnetic torque performance 
correctly demonstrates the relationship between torque and 
speed ( * /m lJ d dt T T   ). From 0 sec to 1 sec, reference 
speed increases linearly and load torque keeps constant, which 
results in a constant electromagnetic torque. From 1 sec to 6 sec, 
reference speed stays constant and load torque varied from time 
to time, which makes electromagnetic torque follows the load 
torque. From 6 sec to 7 sec, reference speed decreases linearly 
and load torque equal to 0, which makes electromagnetic torque 
decreasing linearly. 
 
 
VIII. CONCLUSION 
In this paper, Predictive Current Control of an 
Induction Machine fed by a two-level Voltage Source Inverter 
model is proposed and the mathematical model of the 
predictive current is derived. By applying 8 switching states of 
voltage vectors, the one that produces the predictive current, 
which is closest to the reference current, is selected. The model 
is verified in Simulink, and the results demonstrate the speed 
and electromagnetic torque of the motor, which has a good 
dynamic response for a wide range of speed. However, the 
ripple of electromagnetic torque is significant high. Further 
implement needs to be done to reduce the ripple. 
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Fig 5: Motor speed 
 
 
 
 
 
 
Fig 6: Motor torque
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